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BMP4-directed trophoblast differentiation of human embryonic stem cells is mediated through a DeltaNp63+
cytotrophoblast stem cell state.
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Public Summary:

We have determined a role for a nuclear protein, called p63, in maintaining placental stem cells ("cytotrophoblast”) in their stem cell
state. Using this knowledge, we have determined that human embryonic stem cells, when treated with the chemical BMP4, undergo
this "cytotrophoblast stem cell state" before becoming fully functional placental cells. This is an important step in placental biology,
because it provides a reproducible cell culture model for the study of human placental development and disease.

Scientific Abstract:

The placenta is a transient organ that is necessary for proper fetal development. Its main functional component is the trophoblast,
which is derived from extra-embryonic ectoderm. Little is known about early trophoblast differentiation in the human embryo, owing to
lack of a proper in vitro model system. Human embryonic stem cells (hESCs) differentiate into functional trophoblast following BMP4
treatment in the presence of feeder-conditioned media; however, this model has not been widely accepted, in part owing to a lack of
proof for a trophoblast progenitor population. We have previously shown that p63, a member of the p53 family of nuclear proteins, is
expressed in proliferative cytotrophoblast (CTB), precursors to terminally differentiated syncytiotrophoblast (STB) in chorionic villi and
extravillous trophoblast (EVT) at the implantation site. Here, we show that BMP4-treated hESCs differentiate into bona fide CTB by
direct comparison with primary human placental tissues and isolated CTB through gene expression profiling. We show that, in primary
CTB, p63 levels are reduced as cells differentiate into STB, and that forced expression of p63 maintains cyclin B1 and inhibits STB
differentiation. We also establish that, similar to in vivo events, hESC differentiation into trophoblast is characterized by a p63+/KRT7+
CTB stem cell state, followed by formation of functional KLF4+ STB and HLA-G+ EVT. Finally, we illustrate that downregulation of p63
by shRNA inhibits differentiation of hESCs into functional trophoblast. Taken together, our results establish that BMP4-treated hESCs are
an excellent model of human trophoblast differentiation, closely mimicking the in vivo progression from p63+ CTB stem cells to
terminally differentiated trophoblast subtypes.
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